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Fig. S1. Illustration of difﬁculty of long-term microscopic monitoring of mother yeast cells without bud removal. (A) Beginning. (B) After approximately six
generations tracking of old mother cells is almost impossible.
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Fig. S2. Illustration of the cell loading and cultivation procedure. (A) Priming ﬁrst half of main channel with medium, (B) cell loading and ﬁxation in the cell
trap array, and (C) cultivation. The microﬂuidic device consists of a straight main channel with an inlet and outlet, and a side channel between the two inlets.
The main channel contains the cell trap array. The side channel branches off between the inlet channel and the micropad array. The ﬂuidic resistance of the
side channel (height = 100 μm) is lower than that of the main channel (height = 15 μm), which helps to control the direction of the medium and cell suspension
ﬂow during the cell-loading procedure. To prevent air bubbles and dirt from entering the microﬂuidic device, which is a critical issue with long-term ex-
periment, all solutions were ﬁltered before use. In addition, a syringe ﬁlter (pore size: 0.20 μm) was placed between the syringe for media ﬂow and the inlet
tubing and the air bubbles in the syringe were removed before it was connected to the tubing. The experimental procedure consists of three steps: inlet
channel priming with media, cell loading and ﬁxation in the cell trap array, and cultivation. Generally, inlets were closed by stopping the ﬂow through this
inlet (i.e., either by switching off the syringe pump or by removing any applied force on the syringe with cell suspension). Outlets are closed by insertion of
a metal plug. (A) Inlet channel priming with media: First, the channels upstream of the cell trap array are primed with cultivation media to remove all air from
the microﬂuidic channel. The media ﬂow (ﬂow rate = 10 μL/min) is applied by a syringe pump connected to the inlet. The cell trap array with its poly-
dimethylsiloxane (PDMS) pads has a much larger resistance than the side channel. Therefore, the media ﬂow tends to stream out the side channel, and the
upstream of the array is completely ﬁlled with media ﬂow, leaving the cell trap array and outlet channel dry. (B) Cell loading and ﬁxation in the cell trap array:
In the second step, the cell loading and ﬁxation process is achieved by introducing cell suspension (OD600 = 0.3) through the outlet of the main channel (by
manually pushing a syringe containing the cell suspension), while the media ﬂow through the inlet is maintained, but the ﬂow rate is reduced to 0.5 μL/min. As
a result, both ﬂow directions are toward the side channel, and the cells that are not trapped underneath the pads do not settle down at the upstream of the
array but wash out through the side channel. This procedure prevents contamination and growth of cells upstream of the cell culture array during long-term
experiments, which could lead to blocking of the inlet and the main channel with cells. In this procedure, air is also efﬁciently pushed out of the cell trap area
into the side channel through which it exits the chip. Residual air that accumulates at the interface of the opposing ﬂow of media and cell suspension serves as
a pressure buffer during the subsequent closure of the side channel. This procedure ensures that the trapped cells keep their positions during the change of
pressure induced by ﬂow changes. (C) Cultivation: As a ﬁnal step, as soon as the cell loading density in the cell trap array is sufﬁcient (e.g., fewer than three
mother cells per pad), the ﬂow of the cell suspension is stopped and the side channel is closed by insertion of a metal plug. At the same time, the ﬂow through
the inlet channel is set to the ﬁnal ﬂow rate (1–3 μL/min). The closure of the side channel results in increased pressure in the main channel, leading to removal
of residual air bubbles between the inlet and side channel through the gas-permeable PDMS layer. Following this procedure, the whole chip is scanned to
make sure that no bubbles remain in the device.
Lee et al. www.pnas.org/cgi/content/short/1113505109 2 of 6
 Before  Mechanically stressed
 (a)  (b)
 (d) (c)
Fig. S3. (A) Cells between a glass slide and layer of PDMS (with a 40-μm distance); here Msn2 is localized in the cytoplasm. (B) The same cells after applying
severe external pressure on the PDMS layer; here Msn2 localizes to the nucleus indicating that Msn2 localization can indeed indicate physical stress. (C) Bright-
ﬁeld and (D) ﬂuorescent images of cells under a PDMS elastic pad of our microﬂuidic chip, where Msn2 is localized in the cytoplasm. A potential issue with our
setup could have been stress imposed on the cells by the mechanical force applied by the micropad. Generally, we did not expect the cells to be stressed
because a similar type of micropad has already been used for budding yeast cells without this complication (1–3); however, we aimed to show experimentally
that the setup indeed does not stress the cells. For this purpose, we used a yeast strain that had a GFP fused to the general stress-responsive transcriptional
activator Msn2. Msn2 localizes to the nucleus under stress conditions (4). We found that the Msn2-GFP protein is localized in the cytoplasm of cells underneath
the micropad. In a control experiment in which we manually squeezed the PDMS pad and thus the cell, the fusion protein localized to the nucleus, indicating










Fig. S4. Retention of cells under micropad. The plot shows the percentage of retained cells as a function of the elapsed experimental time.
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Fig. S5. Side-by-side comparison of replicative lifespans obtainedwith (A) microﬂuidic dissection and (B) conventional dissection. For both types of experiments, the
strainsweregrownovernight in YPDmedium to stationary phase and thenallowed to resumeexponential growthbydilution into freshYPDmedium, and incubation
for 3 h at 30 °Cbefore the experiment. The numbers of analyzed cells for themicroﬂuidic dissection platformwereWT:n= 56; sir2Δ, n= 48; fob1Δ, n = 49, respectively.
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Fig. S6. Image of huge daughter cells compared to their mothers. Arrowheads and arrows point out mother and daughter cells, respectively. (A) Mother cell
1 (ﬁlled arrowhead) had produced 20 buds; mother cell 2 (unﬁlled arrow head) had produced 22 buds. (B–D) Lapsed time: 50, 100, and 350 min, respectively.
1. Shcheprova Z, Baldi S, Frei SB, Gonnet G, Barral Y (2008) A mechanism for asymmetric segregation of age during yeast budding. Nature 454:728–734.
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Movie S1. Example of microﬂuidic dissection. This movie shows a lifespan of a yeast cell, which produced 28 buds and died. Through the prealigned single
focal plane of the microﬂuidic dissection platform, age-associated morphological phenotypes can be observed: cell and vacuole sizes (visualized by Vph1p-GFP)
gradually become larger and ellipsoidal daughter cells are produced.
Movie S1
Movie S2. Example of large daughter cell. Sometimes daughter cells of old mothers were found to be bigger than mother cells. Arrows point out old mother
cells: The one with the white arrow had produced 20 buds, and the one with the yellow arrow had produced 22 buds. Cells expressing Vph1p-GFP served for
visualizing vacuoles.
Movie S2
Movie S3. Example of ellipsoidal (pseudohyphae)-type death pattern. The cell pointed out by the arrow shows an example of ellipsoidal death pattern. It had
produced 23 buds. Cells expressing Vph1p-GFP served for visualizing vacuoles.
Movie S3
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Movie S5. Example of spherical-type death pattern. In the movie, the cell produced 14 buds and died without signiﬁcant cell morphology change. A ruptured-
like vacuole was observed at the end of the cell’s life. Cells expressing Vph1p-GFP served for visualizing vacuoles.
Movie S5
Movie S4. Same movie as Movie S3, showing only the ﬂuorescence channel. The vacuole pointed out by arrows belongs to the same as indicated in Movie S3.
The vacuole size gradually becomes larger; at some point it fails to complete the fusion processes after cell division and a fragmented vacuolar structure can be
observed. Cells expressing Vph1p-GFP served for visualizing vacuoles.
Movie S4
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